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Abstract: The aim of this article is to devise the method of lemmatisation of strong verbs from a corpus of Old English with a 
view to maximising the automatic search for the inflectional forms, with the corresponding minimisation of manual revision of 
the verbs under analysis. The search algorithm, which consists of query strings and filters, is launched on the lemmatiser Norna, 
a component of the lexical database of Old English Nerthus. The conclusions of the article insist on the limits of automatic 
lemmatisation as well as the paths of refinement of the lemmatisation method in order to accomodate less predictable forms.
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LEMAS DE VERBOS FUERTES DESDE UN CORPUS DE INGLÉS ANTIGUO: AVANCES Y PROBLEMAS
Resumen: el objetivo del presente artículo es idear un método de lematización de verbos fuertes de inglés antiguo, con el 
propósito de maximizar la búsqueda automática de formas flexivas, con la correspondiente reducción en la revisión manual de 
los verbos en estudio. El algoritmo de búsqueda consiste en cadenas de búsqueda y filtros, ejecutados en el lematizador Norna, 
un componente de la base de datos léxica de inglés antiguo Nerthus. Las conclusiones del artículo insisten en los límites de la 
lematización automática, así como en las posibilidades de refinamiento del método de lematización para acomodar las formas 
menos predecibles.
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1. AIMS AND SCOPE

This article deals with the morphology of Old English and, more specifically, with the lemmatisation of strong 
verbs based on the textual forms in the Dictionary of Old English Corpus (henceforth DOEC).1 It focuses on the 
analytical steps required by lemmatisation as well as on the implementation of such steps in the lemmatiser 
Norna, an integral part of the lexical database of Old English Nerthus (www.nerthusproject.com). Along with 
the compilation of the initial inventory of lemmas of strong verbs and the design of a lemmatisation method, 
this article aims at maximising the automatic search for the inflectional forms of the verbs under analysis, with 
the corresponding minimisation of manual revision. With these aims, this article contributes to the research line 
in the linguistic analysis of Old English pursued, among others, by García García (2012, 2013), Martín Arista 
(2012a, 2012b, 2013, 2014, fc-a, fc-b), Mateo Mendaza (2013, 2014, 2015a, 2015b, 2016), Novo Urraca (2015, 
2016a, 2016b) and Vea Escarza (2012, 2013, 2014, 2016, fc). The relevance of the undertaking lies in the lack 
of a lemmatised corpus of Old English. The corpus of reference in the field of Old English studies, the DOEC, is 
annotated at text level (edition, author, prose/poetry/gloss) but dos not offer word tagging, neither by attested 
form nor by lemma. Other remarkable corpora, like the The York-Helsinki Parsed Corpus of Old English Poetry 
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and The York-Toronto-Helsinki Parsed Corpus of Old English Prose, which have been parsed for syntax and can 
be searched for syntactic categories and functions as well as for inflection, do not tag the attested forms with 
information on the corresponding lemma. For instance, an inflectional form such as berað is marked as finite 
verb, present of indicative, but no link is given to the lemma beran ‘to bear’, with which it is not possible either to 
gather the inflectional paradigm of this verb or to quantify the occurrences of beran in the corpus. This has been 
done by The Dictionary of Old English (hereafter DOE) for the letters published so far, A-G, but is hardly accessible 
or unavailable for the letters H-Y from the standard dictionaries of Old English. Of the lexical and morphological 
classes of Old English, this article concentrates on strong verbs for two reasons. The first is descriptive, namely that 
strong verbs represent the starting point of lexical derivation, as has been pointed out by authors like Mailhammer 
(2006, 2008) and Martín Arista (2012a). The second reason for restricting the scope of the article to the strong 
verb is methodological. Strong verbs, as is well known, form the preterite and the past participle by means of, as 
in beran (infinitive) - bær (1st. preterite) - bǣron (2nd. preterite) - (ge)boren (past participle) ‘to bear’. The different 
Ablaut patterns give rise to seven classes of strong verbs, shown in figure 1 (based on Hogg and Fulk, 2011; see 
also Prokosch, 1939, Van Coetsem, 1990 and Hogg, 1992).

	 INFINITIVE		  FIRST		  SECOND 		  PAST 		

				    PRETERITE  	 PRETERITE		  PARTICIPLE

I	 scīnan			   scān		  scinon			   (ge)scinen ‘to shine’ 

II	 crēopan			   crēap		  crupon			   (ge)cropen ‘to creep’ 

III	 feohtan			   feaht		  fuhton			   (ge)fohten ‘to fight’ 

IV	 beran			   bær		  bǣron			   (ge)boren ‘to bear’

V	 giefan 			   geaf		  geafon			   (ge)giefen ‘to give’

VI	 standan 			   stōd		  stōdon			   (ge)standen ‘to stand’ 

VII	 slǣpan			   slēp		  slēpon			   (ge)slǣpen ‘to sleep’ 

Figure 1. The Ablaut patterns of the seven classes of strong verbs2.

When searching a corpus for strong verbs, the queries can be aimed not only to inflectional endings, as in 
the lemmatisation of weak verbs, but also to the changes to the root vowel characteristic of each of the classes 
presented in figure 1, as, for instance, in the pattern eo-ea-u-o, which defines certain Class III strong verbs such 
as feohtan-feaht-fuhton-(ge)fohten ‘to fight’. Therefore, the lemmatisation of this class is likely to pave the way for 
the analysis of the other classes because, as has been pointed out above, a remarkable number of derivatives are 
based on strong verbs, which, moreover, are very frequent in the texts, as is the case with verbs like cūman ‘to 
come’ and giefan ‘to give’.

With the aims and scope thus defined, the remainder of the article is organised as follows. Section 2 presents 
the lemmatiser Norna, a building block of the relational lexical database of Old English Nerthus. Section 3 describes 
the search algorithm used for assigning lemmas to the inflections of the strong verbs found in the DOEC. Section 4 
offers the results of the application of the query strings and filters of which the search algorithm consists to 
the data in the DOEC. The results of the analysis are discussed in section 5. Finally, section 6 draws the main 
conclusions, in the line of maximising the automatic search for the inflectional forms of the verbs under analysis 
with the corresponding minimisation of manual revision.

2. THE LEMMATISER NORNA

The lemmatiser Norna has been implemented in Filemaker database software (version 14) and is based 
on a concordance and an index to the DOEC. The corpus has been concorded by word and by fragment. The 
concordance by word, displayed in figure 2, consists of three million lines, one per word in the corpus. The 
concordance by fragment contains around two hundred thousand fragments of texts identifed with the short title 
with which they appear in the DOEC, as in Eala ðu cleric ne wana ðu æfre wexbreda fram sidan [Abbo 000100 
(103.1)].

2	  This classification of strong verbs follows the Clark Hall dictionary, except as regards the subclasses a, b, etc of Class III and Class VII, which are based on Krygier 
(1994). On strong verb classes, see also Levin (1964) and Mailhammer (2006, 2007, 2008).
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Figure 2. The word concordance to the DOEC.

The word concordance to the DOEC turns out an index of approximately one hundred and ninety thousand 
inflectional forms, which constitutes the target of the analysis. In Figure 3, the leftmost column lists inflectional 
forms, the occurrences are quantified next to the right; the column called headword shows the lemma that 
corresponds to each inflectional form, and the three columns to the right present the concordance prefield, the 
concorded word and the concordance postfield. As can be seen in figure 3, ābelgan is the lemma attributed 
to the inflectional forms abolgen, abulgon, abelge, abealh, abulge, abelgan, abelgeð, abealg, abelgað, abulgan, 
abolgenne, abelh, abulgen, abelged, abelige, abeligan and abelhð.

Figure 3. Layout of the lemmatiser Norna.
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On the lemmatiser Norna, inflectional forms are assigned a lemma on the basis of a reference list of verbs from 
each strong class that has been retrieved from the lexical database Nerthus and supplemented with information 
from Krygier (1994) and Hogg and Fulk (2011). For example, the reference list of strong verbs from Class VI is as 
follows in figure 4 (verbs with weak forms excluded).

ābacan
ācalan
acan
ādragan
āfaran
āgalan
āgnagan
āgrafan
āhladan
āhliehhan
alan
analan
andswerian
ānstandan
ānswerian
ānwacan
ānwadan
āsceacan
āscieppan
āspanan
āstandan
āwacan
āwascan
æalan
ǣrwadan
æspanan
ætfaran
ætstandan
ætwadan
ætwascan
bacan
bedafan
bedragan
befaran
begalan
begnagan
begrafan
behlædan
behliehhan
bespanan

bestandan
bewacan
bewadan
calan
dafan(ge)
dragan(ge)
eftalan
eftdragan
emfaran
faran(ge)
forbacan
forebacan
forefaran
foresacan
forestandan
forewadan
forfaran
forgnagan
forsacan
forsceacan
forscieppan
forspanan
forstandan
forwadan
forðfaran
forðgefaran
forðsacan
forðsceacan
forðsceafan
forðwadan
framāscæcan
framstandan
framwadan
fullfaran
fullwadan
galan(ge)
geondfaran
geondwadan
gnagan
grafan

hlædan(ge)
inafaran
inefaran
infaran
inhebban
inhlædan
instæppan
instandan
inwadan
midfaran
midstandan
midwadan
misfaran
ōfaran
ofāsceacan
ofcalan
oferāhebban
oferfaran
ofergestandan
oferstæppan
oferstandan
oferwadan
offaran
ofsceacan
ofstandan
oftacan
onāhebban
onalan
onfaran
ongalan
ongēanstandan
ongespanan
onhlædan
onsacan
onsceacan
onstandan
onwacan
onwadan
oðfaran
oðsceacan

oðstandan
oðwadan
orhlædan
sceacan
singalan
spanan(ge)
standan(ge)
tacan
tōfaran
tōhlædan
tōsceacan
tōstandan
ðurhfaran
ðurhforfaran
ðurhstandan
ðurhwadan
ðurhwrecan
undergestandan
underhebban
understandan
unfaran
unhebban
untōsceacan
ūphladan
ūtāfaran
ūtdragan
ūtfaran
wacan
wadan(ge)
wascan
wiðerstandan
wiðfaran
wiðsacan
wiðsceafan
wiðstandan
ymbfaran
ymbstandan

Figure 4. The reference list of Class VI strong verbs.

Given the inflectional forms from the DOEC and the reference list, the assignment of lemmas can be done 
automatically or manually. In order to automatise the process of lemmatisation, it is necessary to define a search 
algorithm of which results do not require a great deal of manual revision. Nevertheless, the diachronic and diatopic 
variants included in the DOEC as well as the various spellings with which many words appear in the corpus seem 
to exclude a fully automatic search procedure and to predict manual revision. This question is tackled in the next 
section.
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3. THE SEARCH ALGORITHM

This section describes the steps taken in order to develop a seach algorithm with which to lauch queries on 
the lemmatiser Norna and find the inflectional forms of the strong verbs in the DOEC. The target of the first step 
of the design of the algorithm is the simplex word. The underived verbs in the reference list of the seven strong 
classes have been inflected for the infinitive, inflected infinitive, present participle and past participle; present 
indicative singular and plural, present subjunctive singular and plural, preterite indicative singular and plural, 
preterite subjunctive singular and plural, imperative singular and plural. The list of inflections for crēopan ‘to creep’ 
is offered in (1):

(1)

a.	 Finite forms: crēopan, crēap, crupon, crēope, crēopest, crēopst, crīepest, crīepst, crēopeð, crēopeþ, 
crēopð, crēopþ, crēopt, crīepeð, crīepeþ, crīepð, crīepþ, crīept, crēopað, crēop, crēopaþ, crēopen, crupe, 
crupen.

	 Non-finite forms: cropen, crēopanne, crēopenne, crēopande, crēopende, crēopinde.

b.	 Finite forms: crȳpan, crēap, crupon, crȳpe, crȳpest, crȳpst, crȳpeð, crȳpeþ, crȳpð, crȳpþ, crȳpt, crȳpað, 
crȳpaþ, crȳpe, crȳpen, crȳp.

	 Non-finite forms: cropen, crȳpanne, crȳpenne, crȳpande, crȳpende, crȳpinde.

Several comments are in point with respect to the inflectional paradigm given in (1). Firstly, the inventory of 
forms has been duplicated so as to account for the potential effects of i-mutation. The Bosworth-Toller and Sweet 
dictionaries agree in giving the strong verb crēopan ‘to creep’ but Clark-Hall adds the 3rd. person singular present 
indicative forms crȳpeð, crȳpð in a cross-reference to crēopan. Indeed, the DOEC has two occurrences of the 
syncopated form crȳpð. For this reason, the i-mutated inflectional forms in (1b), such as crȳpeð and crȳpð, have 
been included for Class II strong verbs in the search algorithm. For the other classes of strong verbs, the effects of 
i-mutation might be seen in endings like the ones provided in (2), following Campbell (1987).

(2)

	 -icð, -icð, -icþ, -iðð, -iþþ, -iecð, -iecþ, -ieðð, -ieþþ, -ielpð, -ielpþ, -ielt, -iett, -ilpð, -ilpþ, -ilt, -itt, -iðð, -iþþ, 
-ycð, -ycð, -ycþ, -ycþ, -yðð, -yþþ, -ylpð, -ylpþ, -ylt, -ytt

Secondly, the alternative spelling <ð> / <þ> justifies the duplication of forms like crēopeð / crēopeþ, crēopð 
/ crēopþ, crīepeð / crīepeþ, crīepð / crīepþ and crēopað / crēopaþ. Thirdly, the syncopa of the vowel of the 
second third person singular present indicative explains the inclusion of pairs like, respectively, crēopest / crēopst 
and crēopeð / crēopð. In the fourth place, the inflectional endings with consonant assimilation such as crēopt, 
crīept and crȳpt appear in the list along with the canonical forms crēopeð, crīepeð and crȳpeð. Finally, dialectal 
variation motivates the presence of forms like crēopenne, crēopande and crēopinde together with the West-Saxon 
inflections crēopanne and crēopende.

The second step of the design of the algorith focuses on the complex word. It consists of the compilation 
of a list of elements that may be attached to simplex strong verbs to form derived or compound verbs. A priori, 
the inventory of preverbal elements, which has been retrieved from the lexical database of Old English Nerthus, 
includes affixes with a very specific meaning, such as the negative prefix un-, the pejorative prefix mis- as well as 
the aspectual prefixes eft- and ed-; the Germanic pure prefixes ā-, be-, for-, ge-, of-, on-, tō- (de la Cruz, 1975); 
the spatial and temporal adverbs and prepositions that are going through grammaticalisation resulting in a telic 
marker (Brinton and Traugott, 2005; Martín Arista and Cortés Rodríguez, 2014), including adūn-, æfter-, æt-, āweg-
, beforan-, betwux-, ðurh-, forð-, fore-, fram-, geond-, in-, niðer-, oð-, ofer-, onweg-, under-, ūp-, ūt-, wið-, wiðer-, 
and ymb-; and fully free forms that appear in compound verbs such as āgēn-, and-, ðri-, dyrn-, efen-, ful-, hearm-, 
mǣg-, mān-, nyd-, riht-, twi-, wyrg-. With the preverbal elements, the roots and the set of inflections as presented 
above, the third step of the design of the search algorithm is the definition of query strings that can be launched 
on Filemaker. Four query strings (QS) have been defined. QS1 is aimed to the stems and inflections given in (1), 
and the corresponding stems in the remaining six classes of strong verbs. With the operator for exact matches in 
Filemaker (==), the part of QS1 that search the corpus for the inflections of bēodan can be seen in (3).
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(3)

	 ==beodan, ==bead, ==budon, ==beode, ==bead, ==biedest, ==biedst, ==bietst, ==biest, ==bude, 
==beodeð, ==beodeþ, ==biett, ==bietð, ==bietþ, ==bead, ==beodaþ, ==beodað, ==budon, ==beode, 
==bude, ==beoden, ==buden, ==beod, ==beodað, ==beodaþ

The target of the second query string is the prefixation with ge-, the most frequent prefix in Old English (Martín 
Arista, 2012b) to such an extent that most strong verbs have a simplex and a complex form prefixed with ge-. QS2 
for gebēodan is shown in (4).

(4)

	 ==gebeodan, ==gebead, ==gebudon, ==gebeode, ==gebead, ==gebiedest, ==gebiedst, ==gebietst, 
==gebiest, ==gebude, ==gebeodeð, ==gebeodeþ, ==gebiett, ==gebietð, ==gebietþ, ==gebead, 
==gebeodaþ, ==gebeodað, ==gebudon, ==gebeode, ==gebude, ==gebeoden, ==gebuden, ==gebeod, 
==gebeodað, ==gebeodaþ

QS3 has been defined for accounting for complex strong verbs with preverbs different from ge-. The wild card 
* in (5) stands for any preverbal element attached to the base bēodan and its inflections.

(5)

	 ==*beodan, ==*bead, ==*budon, ==*beode, ==*bead, ==*biedest, ==*biedst, ==*bietst, ==*biest, ==*bude, 
==*beodeð, ==*beodeþ, ==*biett, ==*bietð, ==*bietþ, ==*bead, ==*beodaþ, ==*beodað, ==*budon, 
==*beode, ==*bude, ==*beoden, ==*buden, ==*beod, ==*beodað, ==*beodaþ

QS4 is the least specific query. It search the corpus for the stems of strong verbs with any preverbal and 
inflectional segment, thus the introduction of the wild card * to the left and to the right of the stem. This can be 
seen in (6).

(6)

	 ==*beod*, ==*bead*, ==*bud*, ==*bod*, ==*bied*, ==*biet*, ==*biest*

These query strings have been launched sequentially: QS1, QS2, QS3, QS4. After the submission of each 
query, its hits have been tagged on the lemmatiser Norna, so that the tags from previous queries could guide the 
tagging of the hits of subsequent queries. This simplifies the overall task because, in spite of being likely to find 
some unexpected spellings, QS4 is redundant with respect to QS1 (endings) as well as QS2 and QS3 (preverbs). 
Moreover, given its wide scope, it is predictable that this query string turns out a remarkably high number of 
matches. For this reason, the final step in the design of the search algorithm is the definition of filters that can put 
aside at least part of the undesired results of SQ4, so that manual revision can be kept to a mimimum. Two filters 
have been devised. Filter (F) 1 is intended to isolate verbal forms. It narrows down the hits of QS4 to inflectional 
forms that end with on, -odon-, -ast, -est, -ost, -ð, -þ, -iað and-iaþ, thus the operators == and *. The application 
of F1 to the 17,138 hits of SQ4 reduces this figure to 1,939. F1 is presented in (7).

(7)

	 ==*-on, ==*-odon-, ==*-ast, ==*-est, ==*-ost, ==*-ð, ==*-þ, ==*-iað, ==*-iaþ

F2 is aimed at finding spelling variations in the consonantal endings of verbal forms. It is applied in two steps. 
The first step selects the inflectional forms that end in a consonant, as can be seen in (8).
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(8) 

	 ==*b, ==*c, ==*d, ==*f, ==*g, ==*h, ==*l, ==*m, ==*n, ==*p, ==*r, ==*s, ==*t, ==*w, ==*x, ==*y, ==*ð, ==*þ

The second step of F2 targets members of the non-verbal classes as well as weak verbs by deleting inflectional 
forms that end in -on, -en, -an, -es, -um, -end, -as, -est, -ost, -ed, -od, -ig, -ic, -ing, -ung, -un, -us, -nes, -er, -or, -ur, 
-iað, -iaþ. It must be noted that F2 also puts aside the endings -iað, -iaþ, which are selected by F1. When applied 
to the outcome of SQ4, the first step of F2 reduces its hits from 17,138 to 10,305, which, after the application of 
the second step of F2, result in 3,533 hits. The second step of F2 is displayed in (9).

(9)

	 ==*on, ==*en, ==*an, ==*es, ==*um, ==*end, ==*as, ==*est, ==*ost, ==*ed, ==*od, ==*ig, ==*ic, ==*ing, 
==*ung, ==*un, ==*us, ==*nes, ==*er, ==*or, 	 ==*ur, ==*iað, ==*iaþ

4. THE OUTCOME OF THE SEARCH ALGORITHM

The application of the algorithm to the search for Class IV strong verbs turns out the results presented below. 
The inflectional forms attributed to each lemma can be seen in the Appendix. The overall quantitative results by 
class are tabulated in table 1.

Table 1: Hits by strong verb class.

Class QS1 QS2 QS3
QS4+

F1 QS4+F2 Total

I 359 150 582 60 42 1,190

II 293 134 263 12 75 774

III 565 206 775 290 175 1,926

IV 116 60 287 69 44 688

V 343 145 747 123 68 1,428

VI 215 68 532 35 37 883

VII 509 252 1,136 77 69 1,827

Total 8,716

As can be seen in Table 1, the most frequent verb classes are III, V, and I, with 1926, 1428 and 1190 inflectional 
forms respectively. QS3 turns out the highest number of hits in all the classes, except Class II. These results are 
discussed in the following section.

Apart from the quantitative data, the analysis has turned out a normalised list of preverbal and inflectional 
endings. The inventory of attested preverbal forms includes the ones presented in Figure 5 (variants between 
brackets). Throughout the lemmatisation process, the forms between brackets have been normalised to the 
canonical forms preceding them in Figure 5.

ā-, æfter- (æft-, æftyr-, efter-, eftyr-), æt- (ad-, æd-, at-, ēt-, et-, ot-), and- (iand-, ond-, ont-), be- (b-, bea-, 
beah-, beo-, bet-, bew-, bi-, bī-, bic-, big-, bio-, bis-), ed-, efen- (æfen-, efn-, emn-), eft- (æft-, oft-), for- (f’-, f’r-, 
fær-, færn-, far-, feor-, fer-, fern-), fore- (foren-, fores-, forn-, fors-), forþ- (fort-, ferþ-), fram- (frum-, from-, frun-, 
frym-, frymft-, frymfþ-), full- (ful-), ge- (cg-, īg-, ēh-, eīg-, i-, g-, ga-, gæ-, gæn-, gær-, gad-, gan-, gar-, ged-, gen-, 
gem-, ger-, gi-, gif-, gim-, gy-), geond- (giond-, gind-, gio-, gion-, gin-, geon-, gon-, geo-), in- (ine-, ing-, inn-), mid- 
(me-, met-, mi-, med-, mið-, mod-), mis- (miss-, mus-), of- (æf-, af-, off-), ofer- (eofer-, eofor-, ofær-, ofern-, ofor-, 
of’-, ofyr-, ouer-, ouyr-, ofer-), on-, oþ- (oeþ-, ūþ-), tō-, twi- (twig-, twy-), þurh- (þorh-), un-, under- (und-, undern-, 
ynder-), ūp- (upp-), ūt- (utt-, vt-), wiþ-, wiþer (wiþere-, wiþyr-), ymb- (ym-, ymbe-, emb-, embe-, eme-, imb-).

Figure 5. Attested preverbal forms and their normalisation.

The inflectional endings in figure 6 have also been identified. For the sake of clarity, the variants are grouped 
under the canonical form and displayed between brackets.
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-að; -aþ (-ad; -æd; -æð; -æþ; -at; -ath); -an (-æn); -ð; -þ (-d; -th); -e (-eg; -cg; -ch; -cht; -gc; -h; -o); -eð; -eþ 
(-cg; -ch -cht; -et; -eth; -eað; -eaþ; -ed; -eid; -gc; -h, -id; -ið; -iþ; -ieð; -ieþ; -it; -ith; -oð; -ud; -uþ; -yd; -yð; -yþ; 
-yt); -en (-in; -yn); -est (-æs; -æst; -ast; -æt; -esð; -esþ; -is; -ist; -ust; -ys; -ysð; -yst); -on (-don; -onn); -st (-sð; -s); 
-tst (-dst); -t (-tt). 

Figure 6. Inflectional endings and their variants.

5. DISCUSSION

The lemmatisation method, based on a set of query strings and filters implemented on a lexical database, 
has clear advantages but also raises some issues. A comparison with the inflectional forms provided by the DOE 
(A-G) has shown that the accuracy of the search algorithm is around 80%. In other words, 10% of the hits do not 
correspond to inflections listed in the DOE and, conversely, 10% of the forms in the DOE have not been found by 
the lemmatiser in its present state. This is due to a number of reasons that must guide future research. Beginning 
with the hits that are not found in the DOE, three main shortcomings have been identified: strong nouns that 
coincide with the third person singular of the present indicative of potential lemmas, such as bisceop (from biscop, 
not from **besceopan); adjectives derived from strong verbs that coincide in form with the third person singular of 
the present indicative of a verbal lemma, such as eacene (from ēacen, not from ēacan); forms overlapping with the 
paradigm of weak verbs (beslepen, from beslēpan, weak, not from beslǣpan). Among the inflections provided by 
the DOE that have not been found by means of automatic searches we find early forms like adriofan (ādrīfan), late 
forms such as arysað (ārisan), consonantal contrasts due to Verner´s Law, such as seoðan, seað vs. sudon, sodden 
(seoðan); unpredictable <k> or <ch> for <c>, as in belukeð, belochene (belūcan); unpredictable <v> for <w>, as in 
bisvicen (beswīcan); unpredictable <c> for <g>, as in forcnad (forgnīdan); unpredictable <y> for <i>, as in bydðed 
(biddan), this example also illustrating unpredictable <ð> for <d>; assimilation of the third person singular, present 
indicative ending to <t>, as in aworpet (āweorpan); and loss of <h> before <r>, as in ætrinð (æthrīnan). Finally, the 
DOE has inflected participles that were not considered in this work, such as the present participle cēosendum 
(cēosan) and the past participle besmitenes (besmītan).

Apart from the accuracy of the lemmatiser, two issues have arisen throughout the research that need some 
comment. In the first place, the hits of the search algorithm not only show a remarkable degree of variation, as has 
been described above, but also require desambiguation. That is to say, some hits certainly constitute accurate 
results in the sense of belonging to the inflectional paradigms of strong verbs, but they may pertain to more than 
one class, as in the pairs in (10). Provisionally, these inflections have been assigned to both potential lemmas.

(10)

abudon: ābēodan (II); 
abudon: ābūan(ge) (VIIg; st. with wk. pret./p.p.)
abærst: āberstan (IIIc);
abærst: āberan (IV)
bitt: bītan(ge) (I);
bitt: biddan(ge) (V; st. with wk. pres.)
feall/feallaþ/gefeoll/fealleð: fēolan(ge) (IIIb); 
feall/feallaþ/gefeoll/fealleð: feallan(ge) (VIIc)
fersceat/forsceat: forscēotan (II);
fersceat/forsceat: forscēadan (VIIa; st. with wk. pret./p.p.)
onhlad: onhlīdan (I); 
onhlad: onhlædan (VI)

The final problem has to do with the existence of a derived verb for which no underived base can be proposed. 
All the sources account for the existence of the strong verb forlēosan ‘to lose, abandon, let go’. However, none of 
them considers that the verb *lēosan is attested and concur in marking it with the asterisk used for reconstructed 
forms, thus, for instance, the DOE. Given the stepwise character of the search strings proposed above, it is 
necessary to add the verb lēosan(ge) to the reference list in order to account for its derivatives.

6. CONCLUSION

This article has described the process of lemmatisation of the strong verb forms in the DOEC by means of a 
lemmatiser that is implemented on a lexical database and consists of an index, a concordance, a reference list and 
a set of query strings and filters. 
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The implementation of the search algorithm on a lexical database has proven remarkably useful and convenient 
not only because information can be easily stored, searched and retrieved but also because the results can be 
sorted in alphabetical order, which implies that similar forms appear close to each other. This has two advantages. 
First, the identification task is not as time consuming as it would be if the corpus was searched manually. Second, 
and more important, variant spellings can be identified more easily and quickly compared with nearby words, which 
results in both the identification of a higher number of inflectional forms and, in some cases, the identification of 
new lemmas.

The methodology based on a search algorithm on a lexical database has had some effects on the resulting 
inventory of lemmas, at least in two respects. Given that a canonical form cannot be a variant form of another 
prefix, two lemmas have been proposed when inflectional forms have been found containing both preverbal items. 
At the same time, the separation of some affixes has led to the replacement of a lemma for a new one, instead of 
keeping both.

Overall, the automatic searches on the lemmatiser Norna have an accuracy of approximately 80%. Considering 
that the inflectional forms of the strong verbs beginning with the letters H-Y remain largely unpublished, finding 
eight out of every ten forms may represent a significant advance. On the other hand, future research must be 
conducted with the aim of refining the search algorithm in the directions indicated in this article.

APPENDIX: THE LEMMAS AND INFLECTIONS OF CLASS IV

āberan: abær, abære, abæron, aber, aberað, aberan, aberð, abere, abereð, aberon, abireð, aboren, aborene, 
Æbær; ābrecan: abræc, abræcan, abræce, abræcen, abræcenne, abræcon, abrecað, abrecan, abrecane, 
abrecanne, abrecaþ, abreccenne, abrecð, abrece, abrecende, abrecenne, abrecon; ācuman: acom, acoman, 
acome, acomon, acuman, acume, acumen, acymð, acymþ; ācwelan: acwæl, acwælan, acwæle, acwælon, 
acwelað, acwelan, acwelð, acwele, acwellan, acwelon, acwilð, acwolen; āðweran: aþwer; ætberan: Ætbær, 
Ætbæron, Ætbærst, Ætberan, Ætbere, Ætberst, atbærst; āniman: anim, Animað, animan, animð, anime, anumen, 
anumenne, anumenre, āteran: aterað; beberan: beborene; becuman: becom, becoman, become, becomen, 
becomon, becomun, becum, becumað, becuman, becume, becumen, becumende, becumene, becumenne, 
becumon, becwom, becwome, becwomon, becymð, becyme, becymeð, becymen, becymest, becymeþ, becymst, 
becymþ, beocuman, bicom, bicoman, bicome, bicomen, bicomun, bicumad, bicumen, bicwom, bicymæð, 
bicymeð, bicymo, bycuman, bycumð; becwelan: becwæl; behelan: beholen, beholene, biholen; beniman: 
beneoman, benimað, beniman, benimð, benime, benimeð, benimen, benom, benumen, benumene, benumenne, 
binom, binoman, binumen; beran(ge): bær, bærað, bære, bæren, bæron, ber, berað, beræð, beraþ, berð, bere, 
beren, berende, berene, berenne, beryð, birð, bireð, bireþ, boren, borene, borenne, borenre, gebær, gebæran, 
gebære, gebæron, geber, geberan, gebere, geberen, gebereþ, gibær; īgberan: ibære, iboren; īgcuman: icumen; 
īgdelan: idæl, idælen, iddel, idel, idelan, idele; īgfelan: ifel, ifele, ifeleð; īghelan: ihælen; īgnuman: inumen; bescieran: 
bescear, bescearen, besceoren, besciran, bescire, bescoren, bescorene; bestelan: bestæl, bestæle, bestælon, 
bestelan, bestele, bestolen, bestolene, bistilð; brecan(ge): bræc, bræcan, bræcc, bræce, bræcen, bræcg, bræcon, 
brec, brecað, brecan, brecanne, brecð, brece, breceð, brecende, brecenne, brecest, breceþ, brech, brecon, 
brocen, brocenan, gebræc, gebræcan, gebræcc, gebræce, gebræcg, gebrec, gebrecan, gebrecanne, gebrecaþ, 
gebrecceð, gebrece, gebrecende, gebrecendes, gebrecest, gebreco, gebrecon, gibræc, gibrece, gibrecon; 
cuman(ge): com, coma, coman, come, comen, comm, comon, comth, comun, cum, cumad, cumað, Cumæð, 
cumæþ, cuman, cumaþ, cumen, cummað, cumon, cwom, cwoman, cwome, cwomon, cwomun, Cym, cymas, 
cymd, cymð, cyme, cymed, cymeð, cymen, cymes, cymest, cymet, cymeþ, cymid, cymmeð, cymmes, cymo, 
cymst, cymyð, cymyst, cymþ, gecom, gecome, gecomon, gecum, gecuman, gecume, gecwome, gecymð, 
gecyme, gecymeð, gecymes, gecymmes, gicom, gicome, gicomon, gicyme, gicymes; cwelan: cwelað, cwelan, 
cwele, cwelende, cwellað, cwelleð; ðurhbrecan: Þurhbræc; ðwæran(ge): Ðwære, Ðweran, geðwæra, geðwæran, 
geðwære, geðwerast, geðwere, geþwær, geþwæra, geþwæran, geþwære, geþwærede, geþwærende, geþwærian, 
geþwærode, geþwer, geþwere, geþworen, Þwere; ðwerian: geðwærian, geðwærie, geþwæriað, geþwæriende, 
geþweriendan, Þwerian; efencuman: efencomon, efencuman, Efencwomon, efncomon, efnecomon; eftcuman: 
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eftcom, eftcome, eftcomon; forberan: forbær, forbæran, forbære, forbæren, forbæron, forber, forberað, forberæn, 
forberan, forberanne, forberð, forbere, forbereð, forberen, forberende, forberenne, forberon, forbireð, forboren; 
forbrecan: forbræc, forbræcan, forbræce, forbræcon, forbræcst, forbrec, forbrecan, forbrece, Forbrecende, 
forbrecendes, Forbrecon, forbrocen, forbrocene; forcuman: forcom, forcoman, forcome, forcomun, forcuman, 
forcumen, forcumene, forcwomon, forcyme, forecomun; forðberan: forðbereð, Forðberen, forþberan; forðbrecan: 
forðbrecað; forðcuman: forðcumende, forðcymeð, forðcymþ; foreberan: foreboren; forecuman: forecimeþ, 
forecom, forecoman, forecome, forecomon, forecumað, forecuman, forecumeð, forecumen, forecumende, 
forecumeþ, forecwome, forecwomon, forecym, forecymð, forecyme, forecymeð, forecymyð; forhelan: forhæl, 
forhæle, forhælende, forhelan, forhele, forhelen, forhilð, forholen, forholene; forniman: forneomað, forneomende, 
fornim, fornimað, forniman, fornimaþ, fornimð, fornime, fornimende, fornimene, fornom, fornoman, fornome, 
fornomon, fornomun, fornumen, fornumene; forstelan: forstæl, forstæle, forstælen, forstælon, forstelað, forstelan, 
forstelaþ, forstele, forstelen, forstelenne, forstelon, forstilð, forstolen, forstolene, forstolenes, forstolenne, 
framcuman: framcumen, fromcumen; fullbrecan: fulbrece; helan(ge): gehæl, gehælan, gehælð, gehæle, gehælen, 
gehælon, gehelanne, gehele, gehelen, gehileð, gehilt, geholena, gihæl, gihæle, hæl, hælan, hæle, hælen, Hælon, 
hel, helað, helan, helanne, hele, helen, Helendan, Helende, helendes, heol, heolað, heolan, hilð, hilt, holen; hlecan: 
hlec, hlecan, hlece, hlecen; hrēran: gehrer, gehrere, gehroren, gehrorene, gehrorenre, hrer, hrerað, hreran, hrere, 
hreren, hrorenne, hwelan: gehwelede, hwæl, hwæle, hwel, hwelað; inberan: inborena; inbrecan: inbræc; incuman: 
incom, incuman, incymeð; indelan: indæl; inswelan: ingeswel; midðweran: modþwære; misberan: misboren, 
missboren; niman(ge): geneoman, geneomaþ, genim, genimað, geniman, genimanne, genimaþ, genimð, genime, 
genimeð, genimen, genimende, genimenne, genimest, genimeþ, genimme, genimmeð, genimmende, genimon, 
genimst, genimþ, genom, genome, genomen, genomon, genomun, genumen, genumenan, genumene, genumenne, 
genumenum, genymað, genymst, ginim, ginime, ginimeð, ginom, ginome, ginomon, ginumen, neom, neomað, 
neoman, neomaþ, neome, neomende, Nim, Nimað, nimæð, nimæn, nimæþ, niman, nimanne, Nimaþ, nimð, nime, 
nimen, nimende, nimenne, nimest, nimis, nimmende, nom, nome, nomen, nomon, numen, numene, numenne; 
nȳdniman: nednime, nednimende, nydnumen; ofāniman: ofanumene; ofāsciran: ofascire; ofcuman: ofcome, 
ofcuman, ofcymeð, ofcymes, ofcymþ; ofdelan: ofdæle, ofdele; oferbecuman: oferbecymð, oferbecymþ; oferberan: 
oferbær; oferbrecan: oferbræc, oferbrec; ofercuman: of’cyme, ofer-cymst, ofercom, ofercome, ofercomen, 
ofercomon, ofercumað, ofercuman, ofercumaþ, ofercumen, ofercumendre, ofercumene, ofercumenne, 
ofercumenum, ofercumme, ofercwom, ofercwomon, ofercymað, ofercymæð, ofercymð, ofercyme, ofercymeð, 
ofercymen, ofercymene, ofercymenne, ofercymst, ofercymþ, oforcwomon, ouercumen, ouyrcom; oferfelan: oferfel; 
oferhelan: oferhelað, oferhelaþ, oferheleð; oferniman: ofernimð, ofernime, ofernumen; oferstelan: oferstæle, 
oferstælon; offelan: offele; ofniman: ofgenimeð, ofgenom, ofgenumen, ofnimað, ofnimð, ofnumen; ofteran: ofter; 
onbecuman: onbecom, onbecomon, onbecumað, onbecymð, onbecyme, onbecymeð, ongenbecuman; onberan: 
onberan, onbere, onboren; onbrecan: ongebræc; oncuman: ancumenne, oncom, oncome, oncunnende, oncymð, 
oncymeð; ondelan: ondæl, ondæle; ongeancuman: ongeancumað, ongeancumende; ongelan: ongel; ongeniman: 
ongeniman, ongenumen; onhelan: onhæle, onhilt; onhreran: onhrerað, onhreran, onhrere, onhrereð, oniman, 
onniman, onnime; onstelan: onstæl; oðberan: oðbær, oðbærst, oðberan, oþbær; oðcwelan: oðcwolen; scieran: 
gecorene, gescir, gescoren, gescorene, scear, scearan, sceare, scearen, scearn, scieran, scir, scirað, sciran, scirð, 
scire, scireð, sciren, scireþ, scirþ, scorene, scorenum, scyr, scyran, scyrð, scyre, scyrendan, scyreþ; stelan(ge): 
gestæle, gestele, gestilð, gestilleð, gestilleþ, gestillid, gestilst, gistele, stæl, stæle, stælen, stæll, stælon, stel, 
stelað, stelan, stele, steleð, stelende, stelendes, stelenne, steleþ, stelþ, stilð, stilith, stilleð; swelan: geswel, geswell, 
swæl, swælende, swel, swelað, swelan; teran(ge): geter, tær, tæron, ter, terað, teræð, teran, teraþ, tere, terendan, 
terende, tirð, toren; tōbecuman: tobecome, tobecumað, tobecymð; tōberan: tebærst, tobær, tobæren, tobæron, 
tobærst, toberað, toberan, toberð, tobere, toberst, tobireð, toboren; tōbrecan: tobræc, tobræcan, tobræcð, 
tobræce, tobræcon, tobrec, tobrecað, tobrecan, tobrecð, tobrece, tobreceð, tobrecen, tobrecenne, tobrecest, 
tobreceþ, tobrecoð, tobrecst, tobrecþ, tobricð, tobriceð, tobricst, tobricþ, tobrocen, tobrocenan, tobrocene, 
tobrocenne, tobrocenre, tōcuman: tocom, tocome, tocomon, tocumað, tocuman, tocumanne, tocumaþ, tocumen, 
tocumendan, tocumene, tocym, tocymað, tocymæð, tocymð, tocyme, tocymeð, tocymende, tocymes, tocymeþ, 
tocymmende, tocymo, tocymys; tōdelan: todæl, todæle, todælen, todælon, todel, todele, todeleð; tōhēlan: 
tohælen; tōniman: togenim, togeniman, togenimð, togenimende, togenom, togenomon, toginim, toginom, tonimað, 
tonumen; tōteran: totær, totære, totæron, totærr, toterað, toteran, toterð, totere, toteren, toterende, toterenne, 
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totoren, totorene, totorenne; underberan: underberende, vnderbær; undercuman: vndercyme, vndercymende; 
underniman: undernim, undernimað, underniman, undernimð, undernumen; unfelan: Unfæle, unfelende, ungefelan, 
ungefele; unhelan: unhæl, unhæle, unhele; unscieran: unscoren; ūpābrecan: uppabrece; ūpcuman: upcumen, 
upcumende, upcumene, upcymð, upcyme, upcymeð, Upcymeþ, Uppcumyn, uppcymyð; ūpniman: upnimende; 
ūtābrecan: utbærst; ūtniman: utniman, utnimð; wiðerbrecan: wiðerbrecan, wiðerbrecaþ, wiðyrbrecan, wiþerbrecan; 
ymbberan: ymbboren; ymbcuman: ymcyme.
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